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Abstract 
A study was conducted to investigate the effect of storage conditions 
on chemical and microbiological quality and shelf life of UHT milk 
produced by three dairy factories in Khartoum State, Sudan. The samples 
were obtained from the factory distributors.  Half of the samples were stored 
at refrigerator temperature (5°C), as the other half was stored at room 
temperature (33°C). The samples were examined to determine the chemical 
composition (fat, protein, total solids, ash and acidity). Also, microbiological 
analysis was done (the total number of bacteria and thermophilic bacteria 
count). The analysis took place every fifteen days starting on day 15 of the 
production up to the day 90. The results revealed no significant difference in 
fat content between the three factories during the storage periods and storage 
temperatures. There was decrease in protein from day 15 of analysis to day 
90. Acidity was high and developed especially during storage, the minimum 
mean was 0.12% and the maximum mean was 0.26%. Total bacterial counts 
showed low growth, which ranged from 30 to 280 cfu/ml. Negative growth 
of thermophillic bacteria was resulted. In conclusion, the UHT method is 
effective in Sudan in to deliver a sterile milk product that can be stored at 
room or refrigerated temperature for extended period. The protein content 
and titritable acidity are affected by storage period of UHT milk. The 
microbial content decreases the storage period of UHT milk. 
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   ﻤﺴﺘﺨﻠﺺﺍﻟ
 ﺒﻁﺭﻴﻘﺔ ﻌﻘﻡ ﺍﻟﻠﺒﻥ ﺍﻟﻤﻯ ﺘﺄﺜﻴﺭ ﻅﺭﻭﻑ ﺍﻟﺘﺨﺯﻴﻥ ﻋﻠﻰ ﺼﻼﺤﻴﺔﺩﺭﺍﺴﺔ ﻟﻤﻌﺭﻓﺔ ﻤﺩﺃﺠﺭﻴﺕ 
ﺎﺕ ﻤﻥ ﻤﻭﺯﻋﻲ ﺍﻟﻤﺼﺎﻨﻊ ﺍﻟﺜﻼﺜﺔ، ﺃﺨﺫﺕ ﺍﻟﻌﻴﻨ. ﺍﻟﻤﺼﻨﻊ ﺒﺜﻼﺜﺔ ﻤﺼﺎﻨﻊ ﻓﻲ ﻭﻻﻴﺔ ﺍﻟﺨﺭﻁﻭﻡ THU
(. ﻡ°33)ﺒﻴﻨﻤﺎ ﺨﺯﻥ ﺍﻟﻨﺼﻑ ﺍﻷﺨﺭ ﻓﻲ ﺩﺭﺠﺔ ﺤﺭﺍﺭﺓ ﺍﻟﻐﺭﻓﺔ ( ﻡ°5) ﻨﺼﻑ ﺍﻟﻌﻴﻨﺎﺕ ﺒﺎﻟﺜﻼﺠﺔ ﺕﻨﺨﺯ
 .ﺍﻟﺭﻤﺎﺩ ﻭﺍﻟﺤﻤﻭﻀﺔﻭ ﻭﺍﻟﻤﻭﺍﺩ ﺍﻟﺼﻠﺒﺔ ﺍﻟﻜﻠﻴﺔ ﻭﺘﻴﻥﺭﺍﻟﺒﺎﺕ ﻜﻴﻤﻴﺎﺌﻴﺎﹰ ﻟﻤﻌﺭﻓﺔ ﻨﺴﺒﺔ ﺍﻟﺩﻫﻥ ﻭﻨ ﺍﻟﻌﻴﺕﻠﺤﻠ
ﻜل  ﺍﻟﺘﺤﻠﻴل ﺃﺠﺭﻱ ،  ﻟﻠﺤﺭﺍﺭﺓﺤﺒﺔ ﻟﻤﻌﺭﻓﺔ ﺍﻟﻌﺩ ﺍﻟﻜﻠﻲ ﻟﻠﺒﻜﺘﺭﻴﺎ ﻭﺍﻟﺒﻜﺘﺭﻴﺎ ﺍﻟﻤﻜﻤﺎ ﺃﺠﺭﻱ ﺘﺤﻠﻴل ﺍﻟﺒﻜﺘﺭﻴﺎ
  . ﺍﻟﺘﺴﻌﻴﻥ ﺍﻨﺘﻬﻰ ﻓﻲ ﺍﻟﻴﻭﻡﺍﻟﻴﻭﻡ ﺍﻟﺨﺎﻤﺱ ﻋﺸﺭ ﻟﻼﻨﺘﺎﺝ ﻭ ﺨﻤﺴﺔ ﻋﺸﺭ ﻴﻭﻤﺎﹰ ﺒﺩﺀﺍﹰ ﻤﻥ
ﻱ ﻓﻲ ﻨﺴﺒﺔ ﺍﻟﺩﻫﻥ ﻓﻲ ﻟﺒﻥ ﺍﻟﻤﺼﺎﻨﻊ ﺍﻟﺜﻼﺜﺔ ﻀﺤﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺍﻨﻪ ﻻ ﻴﻭﺠﺩ ﺍﺨﺘﻼﻑ ﻤﻌﻨﻭﺃﻭ
 ﻰ ﺍﻟﺤﺭﺍﺭﺓ ﺍﻟﻤﺨﺘﻠﻔﺔ ﻋﻠ ﻭﺍﻀﺢ ﻟﺩﺭﺠﺎﺕ ﻻﻴﻭﺠﺩ ﺘﺄﺜﻴﺭ ﻜﻤﺎﺍﺜﻨﺎﺀ ﻓﺘﺭﺓ ﺍﻟﺘﺨﺯﻴﻥ ﻭﺤﺭﺍﺭﺓ ﺍﻟﺘﺨﺯﻴﻥ،
ﺯﻴﺎﺩﺓ ﻓﻲ ﻨﺴﺒﺔ ﺍﻟﺤﻤﻭﻀﺔ ﻓﻜﺎﻥ ﻭ ، ﻜﻤﺎ ﺃﻭﻀﺤﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺍﻨﺨﻔﺎﺽ ﻓﻲ ﻨﺴﺒﺔ ﺍﻟﺒﺭﻭﺘﻴﻥ .ﻨﺴﺒﺔ ﺍﻟﺩﻫﻥ
ﻠﻲ ﻜﺍﻟﻌﺩ ﺍﻟﻭﻀﺤﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺍﻥ ﻜﻤﺎ ﺃ .62.0 ﺒﻴﻨﻤﺎ ﺍﻋﻠﻰ ﻤﺘﻭﺴﻁ  21.0ﻤﻭﻀﺔﺍﻗل ﻤﺘﻭﺴﻁ ﻟﻠﺤ
      . ﻟﻠﺤﺭﺍﺭﺓﺍﻟﻤﺤﺒﺔ  ﺒﻜﺘﺭﻴﺎ ﺒﻴﻨﻤﺎ ﻻ ﺘﻭﺠﺩ lm/ufc 082 ﻭ 03ﻟﻠﺒﻜﺘﺭﻴﺎ ﻤﻨﺨﻔﺽ ﻭﺘﺭﻭﺍﺡ ﺒﻴﻥ
 ﻁﺭﻗﺔ ﻓﻌﺎﻟﺔ ﻻﻨﺘﺎﺝ ﻟﺒﻥ ﻤﻌﻘﻡ ﻴﻤﻜﻥ ﺘﺨﺯﻴﻨﻪ ﻓﻲ THUﺨﻠﺼﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺍﻟﻰ ﺍﻥ ﻁﺭﻴﻘﺔ 
ﻟﻠﺒﻥ ﻴﺘﺄﺜﺭ ﻤﺤﺘﻭﻯ ﺍﻟﺒﺭﻭﺘﻴﻥ ﻭﺍﻟﺤﻤﻭﻀﺔ ﺒﻔﺘﺭﺓ ﺘﺨﺯﻴﻥ ﺍ. ﻠﺔﺩﺭﺠﺘﻲ ﺤﺭﺍﺭﺓ ﺍﻟﻐﺭﻓﺔ ﻭﺍﻟﺜﻼﺠﺔ ﻟﻤﺩﺓ ﻁﻭﻴ
ﻟﻠﺒﻥ ﺍﻟﻤﻌﻘﻡ ﺒﻁﺭﻴﻘﺔ ﻜﻤﺎ ﺍﻥ ﺍﻟﻤﺤﺘﻭﻯ ﺍﻟﻤﻴﻜﺭﻭﺒﻲ ﻴﻘﻠل ﻤﻥ ﻓﺘﺭﺓ ﺘﺨﺯﻴﻥ ﺍ. THUﺍﻟﻤﻌﻘﻡ ﺒﻁﺭﻴﻘﺔ 
  .THU
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Chapter One 
Introduction 
    Milk and milk-based products are subjected to various heat treatment 
operations such as thermization, pasteurization, ultra-high-temperature, and 
in-container sterilization, depending on the storage period required after 
processing (Datta et al, 2002).  
   Thermal treatment of milk products has a significant impact on the 
dairy industry. These processing regimens minimize bacterial growth, 
providing safer foods, alter shelf life, and affect parameters related to 
product functionality (Clare et al, 2005). Pasteurization conditions can 
effectively eliminate potential pathogenic microorganisms, but it is not 
sufficient to inactivate the thermoresistant spores in milk (FAO, 2006). Milk 
is sterilized by heating it to 105°C for 15 seconds. This process kills all the 
microbes but it changes the flavour of the milk – it tastes "cooked" (FAO, 
2006). Ultra-high temperature (UHT) processing involves heating milk at a 
high temperature for a short time in order to obtain a product with a long 
shelf-life at room temperature. Moreover, during the process, most bacteria 
are inactivated but heat-stable enzymes of native or bacterial origin can 
survive and cause serious defects during storage of the milk (Valero et al, 
2001). 
    UHT processing of milk was originally developed with the objective 
of producing sterile milk of superior organoleptic and nutritional quality to 
that of its in-container-sterilized counterpart. UHT milk is also known as 
long life milk and as ultrapasteurized milk (Mehta, 1980).  
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From the shelf life point of view this make UHT treated products 
preferable to pasteurized ones, especially in countries like Sudan (El-owni, 
1981)  
The objective of this study is to evaluate some chemical and microbial 
qualities of UHT milk produced in Khartoum State, Sudan during storage.  
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Chapter Two 
Literature Review 
2.1 Definitions 
2.1.1 Sterilization  
    The term sterilization refers to the complete elimination of all 
microorganisms (FAO, 2006). Sterilization is the term applied to a heat 
treatment process which has a bactericidal effect greater than pasteurization. 
Although it does not result in absolute sterility, it gives the processed milk a 
longer shelf life. This is achieved partly by using a more severe heat 
treatment about 110°C for 20–30 minutes and partly by applying the 
treatment after the bottle is filled and sealed which eliminates the risk of 
contamination during packaging. As a result of the long holding time at this 
elevated temperature, the product has a cooked flavour and a pronounced 
brown colour (FAO, 2006). 
2.1.2 UHT milk 
    UHT stands for Ultra High Temperature pasteurization and packing, 
applying this special process produces milk that will be fresh and natural for 
several months without refrigeration (FAO, 2006). UHT milk has extended 
shelf life (shelf stable) and is sometimes called long life or extended life 
milk as no preservatives are added. Once the pack has been opened it must 
be refrigerated (Codex Alimentarius, 2004). UHT processing involves 
heating milk in a continuous-flow system to a high temperature (135-145ºC) 
and holding it at that temperature for a short time (1-10 seconds) followed 
by rapid cooling this produces a “commercially sterile”. However, UHT 
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processing, on the other hand, destroys virtually all bacteria and spores. To 
do this, it heats the milk to a much higher temperature around 135°C for 
about two seconds, then rapidly cools it back to room temperature this 
produce a commercial sterile product (Datta and Deeth, 2007). Because the 
exposure to heat is so brief, the milk is not damaged and remains 
nutritionally intact. However, UHT processing can have a noticeable effect 
on the taste (Browning et al., 2001). 
   According to International Dairy Federation (IDF,1981) UHT milk 
is a type of sterilized milk produced by a single uninterrupted continuous 
flow heating process involving a high temperature short time combination of 
at least 130ºC for a few seconds or any other combination which will give 
the same results associated with aseptic packaging, and should pass keeping 
quality tests such as described in IDF standard 1969 and give turbidity when 
subjected to the turbidity test by a modified “Aschaffenberg Test.” (IDF, 
1981). In this definition, the keeping quality test is designed to establish the 
sterility of the product and the turbidity test is used to ensure the product has 
not been subjected to excessive heat treatment (Zadow, 1986). Codex 
Alimentarius (2004) showed that according to the keeping quality test, UHT 
products must be microbiologically stable at room temperature, either 
measured after storage until the end of the desired shelf-life, or after 
incubation at 55°C for 7 days or at 30°C for 15 days. UHT processing of milk 
destroys virtually all micro-organisms present, both vegetative forms and 
spores, with any remaining organisms being incapable of growth in the 
product under normal storage conditions; this ensures that the UHT milk has 
a long shelf-life without refrigeration (Burton, 1988). 
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2.2 Historical Development of UHT Milk 
The early development of UHT and aseptic processes has been 
reviewed by Hostettler (1972), Westhoff (1978) and Mitchell (1990). 
Although UHT processing was developed as early as 1938, aseptic 
processing, which enabled the distribution of milk without refrigeration, 
commenced only in 1961 (Datta and Deeth, 2007). 
The first continuous-flow heater, in which milk was indirectly heated 
at 125ºC with a holding time of 6 minutes was manufactured in 1893 
(Hostettler, 1972), only 11 years after the first commercial pasteurizer was 
used (Kelly et al., 2005). The direct heating method, in which milk is mixed 
with a steam, or hot gas, in a continuous-flow heater to obtain temperatures 
of 130-140ºC, was patented in 1912; this process avoided the burn-on 
encountered in the indirect heating (Hostettler, 1972). Although various 
types of heating systems such as steam injection and infusion, were 
developed for UHT heating to achieve a better sterile product by 1927, 
however, the difficulty of packaging the sterile milk without 
recontamination into suitable containers for transport hindered the 
commercialization of UHT products until 1953 (Datta and Deeth, 2007). 
UHT processed milk, produced in an innovative heater known as Uperiser, 
and aseptically packed in cans, was first developed in Switzerland in 1953 
(Hostettler, 1972 and Robertson, 2003) through the collaborative efforts of a 
dairy company and a machinery manufacturing firm. A similar heating 
technique was employed for long-shelf-life milk but this was aseptically 
packaged into a tetrahedral paperboard carton for sale in Switzerland in 1961 
(Robertson, 2003). The aseptic packaging technique provided the impetus 
for the tremendous growth in the UHT milk and dairy products market. Now 
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in some countries, e.g. Germany, France, Italy, and Spain, UHT milk and 
dairy products constitute a substantial share of the dairy products market. 
However, in other countries such as USA, UK and Australia, UHT milk 
accounts for less than 10% of market milk sales. The first significant 
development in the packaging of milk for retail sale came at the very end of 
last century (19th) with the introduction of the process for sterilized milk in 
which the retail container, the glass bottle, formed an integral and essential 
part (Hall, 1973). In the third decade of this century (20th) bottling of 
pasteurized milk developed rapidly, first in America and soon after in 
Europe (Regez, 1977). The glass bottle as the retail package for milk 
remained unchallenged until 1933 when the first carton made of waxed 
paper was introduced. Moreover the development and introduction of plastic 
materials for packaging in the dairy industry (initially polyethylene in 1940), 
alone and in combination with paper, resulted in a wide range of containers, 
termed cartons, suitable for liquid milk (Ellis, 1977). 
 Extended shelf life dairy products have been available in North 
America since the early 1960s (Henyon, 1999 and Gunnar and Kolstad, 
2006). Dairies in the USA and Canada started limited use of this technology 
at this time, mainly for slow turnover products, such as whipping cream and 
coffee creamers. Traditional extended shelf life technology in North 
America incorporates a high heat treatment of the product, which provides 
normal pasteurized product sensory characteristics, combined with 
ultraclean packaging, which includes a controlled filling environment and 
container sterilization (Rysstad and Kolstad, 2006). 
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2.3 Factor affecting UHT milk quality 
2.3.1 Heat treatment and processing 
The commercial production of UHT milk from raw milk can be 
summarized by the processing steps shown in figure 1. In UHT process the 
milk is preheated to 80 - 90º C before heating to sterilization temperature 
(Burton, 1988). This is usually achieved by using the hot processed milk to 
heat the incoming cold milk. This enables at least 50% of the heat used in 
the process to be regenerated and the cooling water requirement to be 
reduced (Lewis and Heppell, 2000). Based on the means by which heat is 
transferred to the product, the heat transfer mechanisms can be classified as 
either direct or indirect (Burton, 1988; Lewis and Heppell, 2000; Truong et 
al., 2002).  
Burton (1988) reported that in indirect plants, the preheated milk is 
held at 80 - 90ºC for short time (15s to a few minutes) to substantially 
denature the whey proteins, β lactogolbulin, so they remain stable and do not 
foul, or deposit on, the hot surfaces of the high temperature heating section. 
In direct heating systems, less regenerations of heat is possible than indirect 
systems since the steam flashed off in the vacuum chamber is condensed and 
the useful heat is lost from the system. In indirect systems, all the heat in the 
hot sterile product at the sterilization temperature 135- 150º C can be used in 
the regeneration section (Sangeeta et al, 2005). Thus heat regeneration in 
indirect systems is usually less than 90% while it is only 50% in the direct 
system (Lewis and Heppell, 2000). Indirect heating is performed by plate or 
tubular heat exchangers. However heat transfer occurs by contact of the milk 
with the metal surface which is heated on the other side by steam or 
superheated water (Dentener, 1984).   
 8
 
 
Figure 1:- Typical steps of milk UHT processing (Datta et al, 2002) 
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When water is used as heating medium, it flows in the reverse 
direction to that of the milk (Dentener, 1984). Heating from the preheat 
temperature to sterilization temperature and initial cooling of sterilized milk 
is much slower in indirect heating than the direct Biziak et al (1985) 
reported less than 1 second for each heat transfer operation in direct heating 
compared with greater than 10 seconds with indirect method (Datta et al, 
2002). In both processes, the temperature of milk is raised almost by 
transferring the latent heat of vaporization of steam to milk. Continuously, 
steam is condensed and the milk is diluted. For an increase in temperature of 
60 to 80 to 140ºC by direct heating, the increase of vacuum of he liquid is 
approximate 11 % (Lewis and Heppell, 2000). The extra water is vaporized 
and removed after sterilization when milk is cooled very rapidly in vacuum 
chamber. In order to ensure that there is no dilution of the final milk, it is 
temperature leaving the flash vessel should be approximately the same as 
preheated milk temperature. The temperature of milk leaving the cooling 
vessel should be 20ºC higher than the preheated temperature (Burton and 
Perkin, 1970; Lewis and Heppell, 2000). An alternative means of indirect 
heating in UHT processing is electrical heating using electrically heated 
tubes (Deeth, 1999). It is usually used for the high-temperature section only 
with the preheating section using the hot product to heat incoming cold 
product. 
2.3.2 Time - temperature combination 
Time - temperature profile of UHT process is an important factor 
affecting the quality of the final product (Datta et al., 2002). Maximum heat 
regeneration occurs have the greatest negative effect in the product quality 
because of the greater residence time of the product at elevated temperature 
in the heating and cooling sections (Burton and Perkin, 1970).  Also the time 
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– temperature combinations used in UHT systems are determined by the 
need to inactivate heat resistant bacterial endospores such as those of 
Bacillus streptothermophillus (Burton, 1969) and need to limit chemical 
changes which decrease the sensory and nutritional quality of the product. 
Commonly, temperature in the range of 137 - 145ºC with holding times of 8 
– 2 seconds are used for sterilization of milk and dairy products sections 
(Burton and Perkin, 1970).  Residence time distribution is the spread of time 
which milk particles need to pass through the holding time (Lewis and 
Heppell, 2000). 
In UHT plants, the residence time of the fastest particle in the holding 
tube can be much less than half of the average time, the nominal time cited. 
During this time some bacterial spores may traverse in the holding tube very 
quickly. So when the residence time, is close to the minimum holding time 
required, these spores may not be inactivated and hence the product may not 
be commercially sterile. However this is unlikely to be a safety issue for 
milk as the heat resistance of vegetative pathogens is much lower than heat 
treatment, and the presence of the major sporeforming pathogen, C. 
botulinum, is extremely unlikely (Codex Alimentarius, 2004).  
2.3.3 Packaging 
The aseptic packaging system involves filling the sterile product in an 
aseptic environment into a sterile container, and sealing the container 
hermetically so that sterility is maintained throughout the handling and 
distribution processes. This has proved to be an effective system as it has 
been estimated that the contributions of the milk and the surface of the 
package to total contamination rate were 1 in 1000 and 1 in 1000,000 
respectively, showing that the milk is 1000 times more likely to cause 
contamination of the final packed product than the surface of the package 
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(Kosaric et al., 1981). Von Bockelmann and Von Bockelmann, 1998 
reported the two main aseptic packaging systems are used commercially for 
UHT-sterilized products: filling into pre-formed sterile containers and the 
aseptic form-fill-seal system. 
2.3.4 Cleaning and sanitation of dairy plant and equipment 
In the dairy industry re-use and multi-use cleaning-in-place (CIP) 
systems are operated by circulating chemicals and water without taking the 
equipment apart to remove dirt and milk residues using (Gésan-Guiziou et 
al., 2002). Murphy and Boor (2000) stated that the milk residue left on 
equipment contact surfaces supports growth of variety of microorganisms. 
Moreover, they reported that cleaning and sanitizing procedures that leave 
residual soil on equipment could dramatically increase the numbers and 
influence the types of microbes grown on milk contact surfaces. They 
mentioned that heat resistant and/or thermoduric bacteria can persist in low 
numbers on equipment surfaces that are routinely cleaned with hot water.  
 Gruetmacher and Bradley (1999) found that sequential analysis of 
fluid milk processing system indicated filling machine and pasteurizer were 
significant source of post pasteurization contamination when inadequately 
cleaned or maintained, also the filling was a significant source of 
contamination, however proper cleaning followed by sanitizing with 
chlorine significantly increase shelf life. 
 2.3.5 Effect of storage conditions on UHT milk 
2.3.5.1 Sensory changes during storage    
Cooked flavour average scores decreased sharply during storage and, 
they were not significantly affected by storage temperature (Xavier. et al, 
2005). UHT milk has a very strong off flavour which is commonly defined 
as cooked flavour. The components responsible for this flavour are volatile 
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sulphur compounds and free sulphydryl groups which are generated from the 
thermal denaturation of whey proteins, predominantly ß-lactoglobulin 
(Hutton and Patton, 1952). Most recently, epicatechin, a flavonoid 
compound, was added to UHT milk prior to heating, and the results revealed 
partial inhibition of thermally generated cooked aroma (Colahan-Sederstrom 
and Peterson, 2005).  
The flavour of UHT milk continues to be one of the major 
impediments of greater consumer acceptances (Perkins and Deeth, 2001). It 
is a complex mixture of different flavours described as cooked, sterilized 
and stale/oxidized. However, the sterilized flavour is related to the intensity 
of the heat treatment and remains fairly constant during storage (Perkins et 
al., 2005). 
The viscosity of all skim milks increased during storage at room 
temperature although this observation was most apparent at first month. A 
slight increase in these values occurred at second month, after which time 
these measurements remained similar for the duration of the study three 
month. Viscosity changes may be at least partially attributed to age gelation 
effects (Walstra and Jenness, 1984). 
2.3.5.2 Chemical changes during storage:- 
Thermal treatment of milk often creates aggregates of denature 
protein, fat, lactose and inorganic salts of varying comparison (Datta et al, 
2002). 
2.3.5.2.1 Proteolysis 
 During ultra high temperature (UHT) treatment of milk and 
subsequent storage at room temperature, several changes occur which affect 
the quality and shelf-life of the final product. However, the changes include 
whey protein denaturation, protein-protein interactions, lactose-protein 
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interactions, isomerisation of lactose, Maillard reactions, sulphydryl 
compound formation, formation of a range of carbonyl compounds, 
formation of insoluble precipitates, and fouling of hot surfaces (Deeth et al, 
2003). 
Proteolysis in UHT milk can cause the development of bitter flavour 
and leads to an increase in viscosity, with eventual formation of a gel during 
storage, which is a major factor limiting its shelf-life and market potential 
(Datta and Deeth, 2003). Proteolysis of UHT milk during storage at room 
temperature is a major factor limiting its shelf-life through changes in its 
flavour and texture (Datta, and Deeth 2007). The rate of proteolysis was 
temperature and time dependant. Increase of the storage time and/or 
increasing of the storage temperature from 5°C to 40°C resulted in an 
elevated level of non-protein nitrogen (El-owni, 1981). The enzymes 
responsible for the proteolysis are the native milk alkaline proteinase, 
plasmin, and heat-stable extracellular bacterial proteinases produced by 
psychrotrophic bacterial contaminants in raw milk (Datta and Deeth, 
2003and Kelly and Foley, 1997). Grufferty and Fox (1988) reported that 
proteolysis of casein caused by plasmin is responsible for gelation and 
bitterness of UHT milk during storage. 
The nutritional quality of protein in recombined UHT milk stored for 
6 months were lower than that of protein in pasteurized milk and remained at 
the same level after storage for 3 months, however, it decreased significantly 
after storage for 6 months.  AlKanhal et al (2001) and López, et al (1993) in 
their study found greater proteolytic degradation during storage of skim 
milks compared with that of whole milks subjected to the same UHT 
treatments, increased activities of both native milk proteinase and 
proteinases of bacterial origin were observed in UHT skim milks. Furosine 
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undenatured whey protein and proteolysis during storage increased as the 
temperature and storage time increased, and peptide concentration increased 
during the storage period, being faster at 30°C than at 20 or 40°C (Crozo, et 
al, 1994). 
2.3.5.2.2 Age gelation 
The shelf life of UHT milk is often limited by age gelation a 
phenomenon in which the milk increases in viscosity during storage and 
eventually loses fluidity with the formation of a gel (Datta and Deeth, 
2001).The problem of gelation of UHT milk has been investigated by 
(Hostelter et al., 1957) who observed that all the samples of UHT milk 
examined showed residual phosphatase activity and that those which had 
gelled had undergone some casein decomposition.  
Preheating is important because when β-lactoglobulin denatures at 
these lower temperatures, it remains stable so that it does not deposit on the 
high temperature in the heating section of the UHT plant. For the same high-
temperature treatment, an increase in the severity of pre-heating, 72°C for 30 
seconds to 80°C for 30 minutes, delays gelation of UHT milk during storage 
(Zadow, and Chituta, 1975). Payens, (1978) suggested that preheating leads 
to precipitation of whey proteins on the micellar surface and, as a 
consequence, the number of surface sites available for clotting is severely 
diminished .McMahon 1996 concluded that the more sever heat treatment 
delays gelation due to enhancement of the extent chemical cross-linking 
within micelles. 
 Aged UHT skim milk exhibits higher proteolytic activity, leading to 
an increased concentration of free amino groups available for reactivity via 
the Maillard reaction (Valero et al., 2001). Grufferty and Fox (1988) 
reported that proteolysis of casein caused by milk proteinase is responsible 
 15
for gelation of UHT milk during storage. Similarly (Bjoerck,1973) showed 
that during storage of UHT milk at 22°C, β-casein was broken down more 
quickly than as casein with the production of δcasein, suggesting plasmin 
action. However, some investigators (Nakai, et al, 1964 and Cheng and 
Gelda, 1974) have been unable to demonstrate the presence of proteinase in 
UHT milk or cream. 
  Law et al. (1977) showed that, Heat-stable proteinases produced by 
psychrotrophic bacterial contaminants of raw milk are also capable of 
causing gelation of UHT milk. They investigated gelation of UHT milk by 
proteinases from a strain of Pseudomonas fluorescens isolated from raw 
milk and concluded that it led to formation of a gel in a time dependent on 
the heat treatment. Also Griffiths et al (1988) who found that the shelf-life 
of UHT milk was much shorter when processed from raw milk stored at 6°C 
than when processed from raw milk held at 2°C. 
2.3.5.2.3 Lactose:- 
  During UHT heat treatment lactulose is formed by isomeration of 
lactose catalyzed by free amino groups of casein (De Block et al, 1996). It’s 
concentration in UHT milk correlates well with the amount of heating the 
milk and it’s relatively stable during storage at 25°C (Burton, 1988, and 
Akalin and Gönc, 1997). 
 Nangpal and Reuter (1990) found that lactulose increased during 
storage at 20°C as well as at elevated temperatures. However, contrasting 
these findings, a number of previous studies found the level of lactulose to 
be largely stable during storage at 20–25° C (Andrews, 1984; Moberg and 
Hegg, 1985; Corzo et al. 1994; Akalin and Gönc, 1997 and Elliott et al, 
2003) or only shows an increase with storage time when stored above this 
temperature (Jime´nez-Pe´rez et al. 1992 and Akalin and Gönc, 1997). The 
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conflicting reports arise because, during storage, lactulose continues to be 
formed, but at the same time is also degraded (Andrews, 1989). The 
resultant trend depends on extrinsic factors such as heating and storage 
temperatures, and intrinsic properties of the milk such as pH during storage. 
2.3.5.2.4 Lipolysis 
  The rate of free fatty acid development in UHT milk is promoted by 
high storage temperature and low raw milk quality, that is, raw milk with 
high count of psyrotrophic bacteria (Reddy et al, 1991 and Choi and Jeon, 
1993). Lipase was produced by three non-fluorescent pseudomonads during 
culturing in resterilized UHT whole milk at 10°C (Bucky et al, 1987). 
2.3.2.5 Nutritional changes in vitamins  
  
There is a nutrition changes in milk during the processing 
techniques of pasteurization and UHT treatment (Gillis, 2005). Thiamin, 
folate, B12 and riboflavin will experience losses from zero to 10%. This 
reduction is described as “marginal.” (Bren, 2004) Figure 2 represents the 
data from Wong (1999). Research indicates that UHT sterilization can 
cause folate losses of up to 50%. Moreover, studies have shown that the 
addition of ascorbic acid to UHT milk prolongs the storage stability of 
folates. Additionally, package materials have a marked effect on the 
retention or loss of folate due to oxygen permeability (Forssein, 2000).  
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Figure 2: Vitamins losses during processing (Wong 1999) 
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2.3.6 Microbiological properties of UHT milk:  
The term ‘spore-forming bacteria’ usually mean bacteria of the 
genera Bacillus or Clostridium, also there are many other bacteria and 
Actinomycetes, produce spores of varying heat resistance (Davies, 1975). 
 Ultra-high-temperature (UHT) processing of milk destroys 
virtually all microorganisms present, both vegetative forms and spores, 
with any remaining organisms being incapable of growth in the product 
under normal storage conditions; this ensures that the UHT milk has a 
long shelf-life without refrigeration. However, sporeforming bacteria 
possess the greatest resistance to heat and are the most common survivors 
of heat processing (Burton, 1988).  UHT processing regimens virtually 
eliminated all bacterial growth in the milk as evidenced by the lack of 
colony formation using various microbiological media (Clare et al., 
2005).  
  Browning et al. (2001) demonstrated the impact of UHT heating 
parameters on sterility and presented a spreadsheet for predicting safety 
parameters, such as lethality and microbial inactivation, using UHT milk 
products subjected to different heating and cooling profiles and varying 
holding times in a continuous heat exchange. 
 Chen et al. (2004) stated that Bacillus spp are widely distributed in 
the environment and can be introduced into milk and milk powder during 
production, handling and processing. However, an additional problem 
with Bacillus spp is that they sporulate during milk powder processing, 
and spores are extremely resistant to heat and chemical reagents.   
Milk powders which are used in large quantity for production of 
reconstituted and recombined UHT milk may contain heat-resistant 
spores of Geobacillus thermoleovorans, one of two species found in milk 
powders and often referred to as B. stearothermophilus; the other is 
B.flavothermus which is less heat-resistant than G. thermoleovorans 
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(Pearce, 2004). These spores can be present in raw milk and germinate, 
grow and re-sporulate during milk powder production. If they are present 
in high numbers in milk powder used for production of recombined UHT 
milk, normal UHT heat treatment may be insufficient to reduce the spore 
counts to acceptable levels (Pearce, 2004). 
Ostlie et al. (2003) claimed that the growth of the probiotic strains 
in UHT milk varied considerably according to incubation temperature 
where all strains except Bifidobacterium animalis BB12 showed the most 
rapid increase and the highest viable cell number in milk incubated at 
37°C, than 30°C and 45°C, attaining viable cell number of log 8.65 – 
9.21cfu/ml after 12-24 hrs incubation.  
   Dumalisile et al. (2005) reported that different pasteurization 
methods such as Low Temperature Long Time (LTLT), High 
Temperature Short Time (HTST) and post pasteurization contamination 
play an important role in the survival/destruction of different bacterial 
contaminants in incubated UHT milk where the survivors microbes were 
enumerated after heating for up to 40 minutes for the LTLT and HTST 
pasteurization methods and after heating up to 30 minutes for the post 
pasteurization contamination method. 
     Spoilage of UHT milk and dairy products by thermoduric bacteria 
which survive the high heat process is not common. This is largely 
because the recommended conditions of UHT processing, is sufficient to 
destroy virtually all spoilage bacteria. However, there are situations 
where even these conditions may be inadequate. A nominal heat 
treatment of 144°C for 4 seconds produces only a 1-log inactivation of its 
spores (Pearce, 2004). This organism has the unfortunate combination of 
properties of high heat resistance and mesophilic growth, that is, its 
optimum growth temperature is around room temperature. B. 
sporothermodurans does not appear to cause spoilage other than a slight 
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discoloration of the milk and seldom reaches counts of greater than 105 
per mL. However, it is extremely difficult to remove from contaminated 
equipment and has caused the closure of some UHT plants. A practice 
which has been shown to spread this organism is reprocessing out-of-date 
UHT milk such a practice should not be permitted (Pearce, 2004). 
2.3.7 Thermo-stable enzyme 
    The UHT process destroys all vegetative bacteria and most spore-
formers but does not inactivate some of the enzymes produced by 
psychrotrophic bacteria such as Pseudomonas species, the most common 
bacterial contaminants of raw milk. However, such enzymes are typically 
produced when the bacterial count exceeds 106 per mL. If milk with such 
a bacterial count is UHT processed, these enzymes, particularly 
proteinases and lipases, can remain active in the UHT milk (Deeth and 
Touch 2000). Since UHT milk is usually kept at room temperature and 
may be stored for several months, even traces of these enzymes can 
produce noticeable changes and result in bitter flavour and gelation (from 
proteinases) and rancid flavors (from lipases) also the detection of such 
low levels of these enzymes is a challenge several methods have been 
proposed for proteinases (Chen et al., 2003 and Fairbairn, 1989) and 
lipases (Deeth and Touch, 2000).  
2.3.8 Post-sterilization contamination 
2.3.8.1 Contamination by thermophilic spore-formers 
  A major concern in the handling of milk after high-temperature 
sterilization is recontamination. Heat-resistant thermophilic sporeformers 
such as B. stearothermophilus and B. licheniformis are the most 
commonly encountered post-sterilization contaminants in UHT milk and 
milk products (Kessler, 1994); they can cause the ‘flat sour’ defect, 
characterized by acid production but no gas. However, these thermophiles 
do not grow in milk under ‘normal’ storage conditions <30ºC and have a 
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growth optimum of 55ºC. They have been known to cause problems if the 
milk reaches a high temperature during transportation. Post-sterilization 
contamination may result from several sources but an important one is the 
seals in the homogenizer. He also showed that spores trapped under seals 
had enhanced heat stability, largely attributable to very low water activity 
in their microenvironment, and could act as a reservoir of contaminating 
spores. Flat sour defects due to contamination by B. stearothermophilus 
can arise in this way. However, frequent seal changes have been found to 
be an effective, although expensive, way of minimizing such 
contamination (Scheldeman, 2004). The presence of aerobic spore 
formers (including Bacillus sphaericus, B. licheniformis and bacillus 
brevis) below the European Community (E C) directive level was, for 
instance, shown in 30% of fresh Sardinian UHT milk samples (Cosentino 
et al, 1997). Massive contaminations of entire commercial lots of UHT 
and sterilized milk with unknown mesophilic aerobic spore former were 
first reported in Italy and Austria in 1985 and in 1990 also in Germany 
(Hammer et al. 1995). This bacteria was provisionally called a 'Highly 
Heat-Resistant Spore former' (termed HHRS or HRS), as the causative 
organism could be isolated from a by pass directly after the heating 
section of an indirect UHT-heating device. Contrary to post-heat 
treatment contamination, this problem seemed to be caused by survival of 
the UHT process by the HRS and occurred more frequently in indirect 
UHT than in direct UHT processing. The problem subsequently spread to 
countries in and outside Europe (Hammer et al. 1995; Guillaume-Gentil 
et al. 2002). Affected milk products included whole, skimmed, 
evaporated or reconstituted UHT milk, UHT cream and chocolate milk in 
different kinds of containers and also milk powders (Hammer et al, 1995 
and Klijn et al, 1997). However, the contamination level far exceeds the 
sterility criterion of 10 CFU per 0·1 ml according to the EC regulation. 
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Recently, higher bacterial loads in 37% of Italian contaminated UHT 
milk samples exceeding 105 CFU ml 1 have been reported (Montanari 
et al, 2004). 
2.3.8.2 Contamination by packaging material  
  The potential contribution from the packaging material is mainly 
restricted to Gram-positive bacteria with little potential of growth at 
refrigerated temperatures 6°C (Kolstad et al, 1997). One major finding in 
the study by Eneroth (1999) showed that the same bacterial type could be 
present in the filling machine over longer periods. In particular, the water 
at the bottom of the machine is of concern as the stationary flora it may 
support may derive by aerosols from elsewhere in the plant. However, 
Gram-positive spore-formers may in addition follow another route of 
contamination due to their heat resistance. To meet the legal requirements 
established by the European Union Hygiene directive 92/46, the colony 
count at 30°C of unopened packages after 15 days of incubation at 30°C 
must be below 10 CFU per 0·1 ml (Anonymous,1992). Spoilage 
infrequently occurs because of recontamination during filling and is 
mostly caused by proteolytic activity of some Bacillus species (Hammer 
et al. 1995; Guillaume-Gentil et al, 2002).  
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Chapter Three 
Material and Methods 
3.1 Source of the samples 
   The 144 random samples of the whole UHT milk were obtained 
from three different commercial factories in Khartoum State, Sudan.  
 3.2 Storage of samples 
     Half of the packages were stored at room temperature 33±2º C 
and the other half were stored at 5±2ºC for 3 months. The analysis was 
carried out every 15 days the analysis began 2 weeks of production and 
the last after 3 months. The experiment was extended for another 3 
months with other packages. Two trails were done (trial I and trial II).  
3.3 Analysis of samples  
The samples were chemically analyzed to determine fat, protein, 
acidity, total solids and ash. The effect of storage condition on total 
bacterial count, and thermophilic bacteria were examined.  
3.3.1 Chemical analysis 
3.3.1.1 Fat 
 Fat content was determined using Gerber method (Marshall, 
1992). Ten ml of sulfuric acid 90% was measured gerber butyrometer. A 
sample of milk was withdrawn using 10.94 ml pipette (MBL MOR abel 
10.94 cm³ Ex 20 ºC BS 696). Milk was allowed to drain into 
butryrometer slowly at first to prevent a violent reaction with the acid 
then the pipette was permitted to drain normally. One ml of amyl alcohol 
was added and the lock stopper was inserted securely. With the stopper 
end up, the butryrometer was grasped at the graduated column and 
shaking until the cured was completely digested. Holding the 
butryrometer at the stopper and neck was inverted 5 times to mix the acid 
remaining in the bulb with the content. The butryrometer were then 
placed in a rack and centrifuged at 1100 r.p.m for three minutes.  The 
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Gerber butryrometers were then placed in a water bath 65ºC, leaving only 
the bulb exposed, for 5 minutes. The straight line at the bottom of the fat 
column was pushed gently upwards so that it coincided with the nearest 
whole present graduation mark. The scale at the bottom of the meniscus 
at the fat column was read promptly to the nearest 0.05% graduation the 
lower reading was subtracted from the upper reading and the difference 
was recorded as the fat content. 
3.3.1.2 Protein  
The Protein content was determined according to Kjeldahal method 
of (Marshall, 1992).  
In a dry clean Kjeldahal flask, Ten ml of milk sample was added, 
then 25 ml of concentrated H2SO4 was added follwed by addition of two 
Kjeldahal tablets (CuSO4). The mixture was then digested on a heater 
until a clean solution was obtained (3 hours) and the flasks were removed 
and left to cool. The digested sample was poured into a volumetric flask 
(100 ml) and diluted to 100 ml with distilled water. The distillate was 
received in a conical flask containing 25 ml of 4% boric acid plus three 
drops of indicator (bromocresol green plus methyl red). The distillation 
was continued until the volume in the flask was 75 ml. The flask was then 
removed from the distillator, and the distillate was then titrated against 
0.1N HCl until the end point was obtained (red color). 
The protein content was calculated as follows: 
Nitrogen% =      T X  0.1 X  0.014 X 20 X  100 
                              Weight of sample 
Protein (%) = Nitrogen X 6.38 
Where:  
T: Titration figure (ml). 
0.1: Normality of HCl. 
0.014: Atomic weight of nitrogen/ 1000. 
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3.3.1.3 Acidity 
The acidity was determined by measuring nine ml of milk in 
beaker, 4 drops of phenolphthalein indicator were added then it were 
titrated with 0.1N sodium hydroxide to the first permanent color change 
to pink Acidity expressed as percentage of lactic acid. (Bradley et al, 
1992).  
% Acidity = ml (NaoH) x N (NaoH) x 9  
                       Weight of sample   
 3.3.1.4 Total solid 
    The total solid of milk was determined simply by evaporating the 
water and weighting the residual using forced draft oven method 
(Barbano and Dellavalle, 1984).  
   Clean crucibles dried for at least s hrs at 105º C were stored in 
clean desicators until used. Five grams of milk were weighted accurately 
into a preweighted on a sensitive balance. The crucibles were placed on a 
water bath (100ºC) for 30-60 minutes, then transferred to an oven and 
held for 3 hrs at 105º C. the crucibles were moved from the oven, cooled 
and weighted on a sensitive balance. The total solids content were 
calculated as follows: 
Total solids % = W2 – W1 x 100 
                             S 
Where: 
W1: weight of empty crucible 
W2: weight of crucible and sample after drying 
S: sample weight 
3.3.1.5 Ash  
 Ash content was determined by graviometer method (Barbano and 
Dellavalle, 1984).  The principle of the method is to burn a way of the 
organic matter at a temperature of 550º C. The sample was burnt in a 
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furnace regulated at 550º C for 1.5 hr. The crucibles were removed and 
placed in a desicator to cool and weighted. The ash content was 
calculated according to the following formula: 
Ash% = weight of residue x 100 
            Weight of sample 
3.3.2 Bacteriological analysis 
3.3.2.1 Preparation of samples 
3.3.2.1.1 Dilution of samples 
     One ml of UHT milk sample, were transferred with sterile pipette 
to 9ml normal saline into dilution bottles and mixed thoroughly. The 
dilution was repeated to the required dilution. Then using a sterile pipette, 
1ml of specified dilution was transferred in sterile Petri dish in duplicate 
(Marshall, 1992). 
3.3.2.1.2 Sterilization of glassware 
 Glassware such as universal bottle, Petri dishes, beakers, test tubes 
and pipettes were sterilized in the hot air oven at 100°C for overnight 
(Barrow and Feltham, 1993). 
3.3.2.1.3 Sterilization of culture media 
        Standard plate count agar sterilized by autoclaving under 15 pounds 
pressure for 15 minutes at 121°C according to Barrow and Feltham, 
(1993). 
3.3.2.2 Plate inoculation 
 Pour  plate techniques was used, one ml sample was transferred 
into the Petri dishes, then 10-12 ml of sterilized media at 45-46°C were 
poured into the inoculated dishes. The plates were rotated to mix the 
sample and media allowed to solidify. Then the plates were inverted and 
incubated at the prescribed temperature and time (Marshall, 1992). 
3.3.2.3 Types of culture media 
3.3.2.3.1 Standard plate count agar 
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   This medium was used to determine the total bacterial counts. 
The medium composed of casein enzymatic hydrolysate (5.00 grams), 
yeast extracts (2.50 grams), dextrose (1.00 gram) and agar (15.00 grams). 
The final pH was adjusted at 7.0 ±0.2. It was prepared according to the 
manufacturer's instruction by suspending 23.5 grams in 1000ml distilled 
water. It was boiled to dissolve the medium completely then distributed 
into 100 ml bottles and sterilized by autoclaving (15 pounds of pressure at 
121°C for 15 minutes).  
3.3.2.4 Standard plate count  
  Total viable bacterial counts were determined according to 
Houghtby et al. (1992). One ml of milk samples were taken aseptically 
and mixed well with 9.0 ml sterile ringer solution, the mixture was 
shaken well and was used to prepare suitable dilution. One ml of the 
dilution was transferred to Petri dish. The molten media added to the 
sample in Petri dish, the medium was allowed to solidify and the plates 
were incubated at 32°C ±2 for 48 hours. 
3.3.2.5 Thermophillic bacteria count 
   Thermophillic enumerated using SMA but 15- 18 ml of agar per 
plate and incubated at 55°C±2 for 48 hours (Marshall, 1992). 
3.3.2.6 Counting  
Developed colonies were counted using manual colony counter. 
The plates counting fewer than 25 colonies each, the count recorded as 
less than 25 times d/1, where d/1 is reciprocal of dilution factor. The 
reciprocal of dilution factor was recorded as colony forming unit/ml 
(Marshall, 1992).  
3.3.3 Statistical analysis  
 The Statistical Analysis System (SAS) system (1997) was used 
analyze all data using ANOVA test and Duncan Multiple Range test 
(DMRT) for mean separartion.  
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Chapter Four 
 
Results  
 
4.1 Chemical analysis 
  
Table 1 showed means of chemical composition of fat, protein, 
acidity, total solid and ash of UHT milk of the three factories in two 
trials. 
4.1.1 Fat 
The mean of fat content in trial I was 3.04±0.15 in factory 1. 
However in trial II was 3.04±0.14 with no clear difference in the two 
trials. The mean of fat in factory 2 and 3 in trial I was 3.13±0.15 and 
3.06±0.12, while it was 3.07±0.09 and 3.08±0.13 in trial two, respectively 
(Table 1). 
Duncan Multiple Range test for separation of the mean of fat 
showed no significance difference between means for the three factories 
(Table 2). 
Table 3 summarized the mean of fat from starting day of analysis 
to day 90. The means were ranging from 3.00±0.08 to 3.08±0.15 in 
factory 1, 3.05±0.11 to 3.15±0.17 in factory 2 and 3.03±0.09 to 3.15±0.16 
in factory 3. 
The mean of fat at refrigerator temperature (5°C) was 2.99±0.10, 
3.12±0.13 and 3.08±0.12 for factory 1,2 and 3 respectively. At room 
temperature (33°C) the means were 3.08±0.17, 3.09±0.12 and 3.06±0.13 
in factory 1, 2 and 3, respectively (Table 5). 
4.1.2 Protein 
The mean of protein was 3.29±0.70 in factory 1 in trial I and 
2.8±0.36 in trial II. In factory 2 the mean of protein was 2.60±0.17 in trial 
I and 3.18±0.36 in trial II. The mean of protein in factory 3 was 
3.14±0.80 and 2.88±0.30 in the two trials, respectively.  
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Table (1):- Chemical composition of UHT milk from three factories 
in Khartoum, Sudan 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Trial   I Trial  II Factories Variable 
Mean± SD Mean± SD 
Factory I Fat 3.04±0.15 3.04±0.14 
 Protein 3.29±0.70 2.8±0.36 
 Total solids 11.11±0.34 11.32±0.12 
 Ash 0.49±0.05 0.50±0.06 
 Acidity 0.16±0.01 0.21±0.02 
Factory 2 Fat 3.13±0.15 3.07±0.09 
 Protein 2.60±0.17 3.18±0.36 
 Total solids 10.67±0.24 10.66±0.11 
 Ash 0.43±0.03 0.46±0.04 
 Acidity 0.14±0.01 0.17±0.01 
Factory 3 Fat 3.06±0.12 3.08±0.13 
 Protein 3.14±0.80 2.88±0.30 
 Total solids 10.96±0.60 10.78±0.21 
 Ash 0.44±0.06 0.49±0.07 
 Acidity 0.16±0.01 0.20±0.02 
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Table 2:- Duncan's Multiple Range Test for means of chemical 
analysis for three different factories   
 
Source Fat  Protein  Total solids Ash  Acidity  
Factory 1 3.04a 3.03a 11.22a 0.50a 0.19a 
Factory 2 3.07ab 2.90a 10.67c 0.44c 0.15c 
Factory 3 3.10b 3.00b 10.86b 0.48b 0.18b 
 
Means with the same letter are not significantly different (P>0.05). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 31
There was a clear deference in the mean of protein in the two 
factories 1and 3 in the two trials.   
Table 3 also shows the mean of protein during the storage period. 
There was a clear degradation of protein from day one of analysis to day 
90. The mean of protein in factory1 was ranged from 3.93±0.64 in first 
day of analysis decreased to 2.60±0.14 in day 90. In factory 2 and 3 the 
mean of protein were 3.23±0.50 to 2.60±0.17 and from 3.89±0.70 to 
2.51±0.1, respectively.  
Duncan Multiple Range test for separation the mean showed 
significant different between means of protein during the storage period 
(Table 4). 
Table 5 showed the mean of protein in the two different storage 
temperatures. At refrigerator temperature the means of protein were 
3.15±0.59, 2.86±0.39 and 3.06±0.58 for factory 1, 2 and 3 respectively. 
The protein means at room temperature were 2.90±0.57, 2.87±35 and 
2.94±0.60.   
4.1.3 Total solids 
 Table 1 summarized the mean of total solids in the three factories. 
The mean of total solids in trial I were 11.11±0.34, 10.67±0.24 and 
10.96±0.60 for factory 1, 2 and 3 respectively. In trial II the means of 
total solids were 11.32±0.12, 10.66±0.11 and 10.78±0.21 in factory 1, 2 
and 3 UHT milk respectively.  
 The means of total solids were ranging from 11.41±0.22 to 
11.14±0.33 in factory 1 and from 10.79±0.18 to 10.55±0.09 in factory 2, 
while in factory 3 means were ranged from 11.27±0.69 to 10.69±0.10 
(Table 3). 
 Table 5 showed the means of the total solids in two different 
storage temperatures. At refrigerator temperature (5°C) the means were 
11.19±0.24, 10.65±0.18 and 11.05±0.46 in UHT milk from factory 1, 2 
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and 3 respectively, while at room temperature (33°C) the means of total 
solids were 11.12±0.34, 10.60±0.20 and 10.70±0.36 for UHT milk from 
factory 1, 2 and 3 factory 1, 2 and 3, respectively. 
 4.1.4 Ash 
The means of ash in trial I were 0.49±0.05, 0.43±0.03, and 
0.44±0.06 however in trial II were 0.50±0.06,  0.46±0.04 and 0.49±0.07 
for factory 1, 2 and 3 respectively (Table 1).  
Table 3 showed the means of ash which range from 0.44±0.06 to 
0.51±0.04 in factory 1 and from 0.43±0.02 to 0.49±0.05 in factory 2, 
while in factory 3 the means were ranging from 0.39± 0.06 to 0.50±0.07. 
Table 5 showed the mean of ash at refrigerator (5°C) temperature 
the mean of the ash were 0.51±0.06, 0.45± 0.04 and 0.47± 0.06 in UHT 
milk from factory 1, 2 and 3, respectively. At room temperature they 
were 0.48±0.08, 0.43±0.05 and 0.46±0.08 for UHT milk from factory 1, 2 
and 3 respectively.  
4.1.5 Acidity 
Table 1 showed the means of acidity in trial I where the means of 
the acidity were 0.16±0.01, 0.14±0.01 and 0.16±0.01 in factory 1, 2 and 3  
respectively.  
Titratable acidities changes during storage were ranged from 
0.16±0.02 in the first day of analysis to 0.19±0.04 in day 90 in factory 1, 
0.14±0.02 to 0.17±0.01 in factory 2 and 0.17±0.02 to 0.18±0.02 from the 
starting day of analysis to 90 day of storage in factory 3 (Table 3).    
The mean of acidity at refrigerator temperature (5°C) and room 
temperature (33°C) were 0.18 ±0.03 and 0.19±0.04 for factory 1 samples 
respectively, while in factory 2 were 0.15±0.01 refrigerator temperature 
(5°C) and 0.17±0.02 at room temperature (33°C). The mean of acidity for 
factory 3 at refrigerator temperature (5°C) and room temperature (33°C) 
were 0.18±0.03 and 0.19±0.03 respectively, (Table 5) 
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Table 6 summarized the mean of chemical composition of all UHT 
milk samples the fat was 3.07 ±0.13 however the minimum value was 
2.80 and the maximum was 3.50. The mean of protein was 2.96±0.53, the 
minimum value was 2.17 and the maximum was 4.6. The mean of total 
solids was 10.91±038, the minimum value was 9.11 and the maximum 
was 13.03. For the ash the mean was 0.47±0.06 the minimum value was 
0.21 and the maximum was 0.69. For the acidity the mean was 0.17±0.03 
whereas the minimum value was 0.12 and the maximum was 0.26. 
4.2 Microbiological analysis:- 
4.2.1 Standard plate count (SPC):- 
 Table 7 shows microbial content (SPC) the mean of SPC in trial I 
for factory 1 was 130 cfu/ml however in trial II was 180 cfu/ml. For 
factory 2 the means were 170 cfu/ml and 170 cfu/ml for trial I and II 
respectively, while in factory 3 were 160 cfu/ml for trial I and 180 cfu/ml 
for the trial II.  
Table 8 shows the growth of SPC from the starting day of analysis 
to day 90 of storage period. In factory 1 samples the mean of SPC ranged 
from 70 cfu/ml in the first day of analysis to 200 cfu/ml in day 90, where 
in factory 2 the means were from 60 cfu/ml in the first day of analysis to 
180 cfu/ml in day 90. In factory 3 the means of SPC were 100 in the first 
day of analysis and 200 in day 90.       
Table 9 shows the effect of storage period at refrigerator 
temperature (5°C) on SPC in UHT milk. In trial I SPC in factory 1 ranged 
from 40 cfu/ml in first day of analysis in the 90 day the SPC was 160, 
where in factory 2 the SPC were ranged from 50 to 150 in day 90. factory 
3 UHT milk showed SPC range was 50 in the first day to 150. In trial II 
the SPC ranging from 40 to 120, from 50 to 170 and from 30 to 260 
cfu/ml  in factory 1, 2 and 3, respectively.  
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Table (3):- Mean of the chemical composition during storage 
 
Fat Protein  Total solids Ash Acidity SOURCE Day of 
analysis Mean± SD Mean± SD Mean± SD Mean± SD Mean± SD 
Factory 1 15 3.08±0.15 3.93±0.64 11.26±0.22  0.51±0.04  0.16±0.02  
30 3.03±0.09 3.20±0.42 11.17±0.19 0.50±0.04 0.19 ±0.03 
45 3.00±0.08 2.94±0.27 11.14±0.26 0.52±0.06 0.19 ±0.04 
60 3.05±0.21 2.65±0.31 11.20±0.07 0.44±0.06 0.23±0.01 
75 3.03±0.11 2.66±0.15 11.41±0.28  0.51±0.07  0.19±0.04 
90 3.05±0.22 2.60±0.14  11.14±0.33 0.51±0.05 0.19 ±0.04 
Factory 2 15 3.08±0.18 3.23±0.50  10.77±0.11  0.49±0.05 0.14±0.02 
 30 3.15±0.17 3.00±0.36 10.70±.25 0.46±0.04  0.14 ±0.02 
 45 3.07±0.11 2.93±0.35  10.79±0.18 0.43±0.03  0.15±0.02 
 60 3.09±0.09 2.80±0.22 10.58±0.19 0.43±0.05 0.16±0.02 
 75 3.08±0.10 2.66±0.15  10.65±0.15  0.43±0.02 0.16 ±0.01 
 90 3.05±0.11 2.60±0.17 10.55±0.09 0.44±0.02  0.17±0.01 
Factory 3 15 3.03±0.13 3.89±0.70    11.27±0.69      0.50±0.07      0.17±0.02 
 30 3.11±0.15 3.26±0.28    10.87±0.15      0.49±0.08     0.17±0.03 
 45 3.08±0.15 2.72 ±0.18   10.76±0.51      0.49±0.06      0.18±0.03 
 60 3.15±0.16 2.74±0.08    10.78±0.09    0.44±0.03      0.23±0.14 
 75 3.03±0.09 2.68±00.03  10.69±0.10      0.47±0.04      0.18±0.03 
 90 3.06±0.10 2.51±0.1      10.77±0.29      0.39±0.06      0.18±0.02 
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Table 4:- Duncan's Multiple Range Test for chemical composition 
during storage period 
 
Day of analysis Fat  Protein  Total solids Ash  Acidity  
15 3.07a 3.69 a 11.11 a 0.50 a 0.17f 
30 3.10a 3.15b 10.91 b 0.49b a 0.17 e 
45 3.05 a 2.86c 10.89c b 0.48 b 0.16 d 
60 3.09 a 2.75d 10.78 c 0.43 d 0.19 a 
75 3.04 a 2.67e d 10.91 b 0.47 c b 0.18 c 
90 3.07 a 2.56 e 10.82 c b 0.44D c 0.18 b 
 
Means with the same letter are not significantly different 
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Table (5):- the means of chemical composition in two different storage 
temperatures  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5°C 33°C Factories Variable 
Mean± SD Mean± SD 
Factory 1 Fat 2.99±0.10 3.08±0.17 
 Protein 3.15±0.59 2.90±0.57 
 Total solids 11.19±0.24 11.12± 0.34 
 Ash 0.51±0.06 0.48± 0.08 
 Acidity 0.18±0.03 0.19±0.04 
Factory 2 Fat 3.12±0.13 3.09±0.12 
 Protein 2.86±0.35 2.87±0.39 
 Total solids 10.65±0.18 10.60±0.20 
 Ash 0.45±0.04 0.43±0.05 
 Acidity 0.15±0.01 0.17±0.02 
Factory 3 Fat 3.08±0.12 3.06±0.13 
 Protein 3.06±0.58 2.94±0.60 
 Total solids 11.05± 0.46 10.7±0.36 
 Ash 0.47±0.06 0.46±0.08 
 Acidity 0.18±0.03 0.19±0.03 
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Table (6):- The means with standard deviation, minimum and 
maximum values of chemical content 
 
Variable Mean± SD Minimum Maximum 
Fat 3.07±0.13 2.80 3.50 
Protein 2.96±0.53 2.17 4.60 
Total solids 10.91±0.38 9.11 13.03 
Ash 0.47±0.06 0.21 0.69 
Acidity 0.17±0.03 0.12 0.26 
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Table 9 shows the effect of storage period at room temperature 
(33°C) on SPC in UHT milk. In trial I SPC in factory 1 increased from 30 
to 230 cfu/ml. Where in factory 2 the SPC were increased from 70 to 260 
cfu/ml in day 90. SPC in factory 3 increased from 50 to 240 cfu/ml .In trial 
II the SPC increased from 60 in the first day of analysis to 240 cfu/ml in 
day 90, from 50 to 280 and from 50 to 280 cfu/m in 1,2 and 3 respectively   
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Table (7) :- The mean of SPC in Trial I and II 
 
Trial   I Trial  II Factories 
Mean Mean 
Factory 1 130 180 
Factory 2  170 150 
Factory 3 160 180 
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Table (8):- The mean of SPC during storage 
 
Source Day of analysis Mean 
Factory 1 15 100 
 30 70 
 45 120 
 60 180 
 75 180 
 90 200 
Factory 2 15 140 
 30 180 
 45 110 
 60 60 
 75 130 
 90 180 
Factory 3 15 100 
 30 120 
 45 170 
 60 180 
 75 180 
 90 200 
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Table 9:- Effect of storage period at refrigerator temperature on SPC 
in UHT milk in Khartoum State 
 
 
Factory Storage period SPC/ Trail I SPC /Trial II
Factory 1 15 40 40 
 30 70 40 
 45 80 70 
 60 40 90 
 75 120 110 
 90 160 120 
Factory 2 15 50 50 
 30 100 50 
 45 70 140 
 60 140 130 
 75 150 130 
 90 150 170 
  Factory 3 15 50 30 
 30 40 70 
 45 110 130 
 60 40 150 
 75 100 170 
 90 150 260 
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Table 10:- Effect of storage period at Room temperature on SPC in 
UHT milk in Khartoum State 
 
 
Factory Storage period SPC/ Trial I SPC /Trial II
Factory 1 15 30 60 
 30 70 70 
 45 110 100 
 60 130 120 
 75 170 150 
 90 230 240 
Factory 2 15 70 50 
 30 70 130 
 45 110 130 
 60 160 130 
 75 240 160 
 90 260 280 
  Factory 3 15 50 50 
 30 110 130 
 45 150 160 
 60 160 230 
 75 160 240 
 90 240 280 
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Chapter Five 
Discussion  
 The results showed no significant difference in fat content for the 
three factories in the two different storage periods and so for the different 
storage temperature. This agreed with Reddy et al (1991) and Choi and 
Jeon (1993) who illustrated that the rate of free fatty acid development in 
UHT milk is promoted by high storage temperature and low raw milk 
quality, that is, raw milk with high count of bacteria.  
 The results also viewed degradation of protein from the first analysis 
to the day 90 this agreed with AlKanhal et al (2001) who showed that the 
nutritional quality of protein in recombined UHT milk decreased 
significantly after storage for 6 months of storage. Similarly  López et al 
(1993) in their study found greater proteolytic degradation during storage 
of skim milks compared with that of whole milks subjected to the same 
UHT treatments, increased activities of both native milk proteinase and 
proteinases of bacterial origin were observed in skim UHT milks   
The results of acidity were high and developed especially in trial II 
and that may be due to storage conditions the minimum mean was 0.12 and 
the maximum mean was 0.26.  
Results of total bacterial counts obtained during this study showed 
low growth, which ranged between 30 to 280  cfu/ml. Ostlie et al. (2003) 
claimed that the growth of the probiotic strains in UHT milk varied 
considerably according to incubation temperature 37° C, than 30° C and 
45°C, attaining viable cell number of log 8.65 – 9.21 cfu/ml after 12-24 hrs 
incubation. Similarly Dumalisile et al. (2005) reported that different 
pasteurization methods and post pasteurization contamination play an 
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important role in the survival/destruction of different bacterial 
contaminants in incubated UHT milk.   
The present result revealed negative growth of Bacillus species this 
agreed with Deeth and Touch (2001) findings that UHT process destroys 
all vegetative bacteria and most sporeformers.  
 So the result suggests that the growth found may be was heat 
resistant streptococci. Also it might infer that the post sterilization 
contamination from the plate heat exchangers or during the packaging 
which is agreed with Flint et al. (1997) who reported that the quality of 
milk products is threatened by the formation of biofilms of thermophilic 
streptococci on the internal surfaces of plate heat exchangers used in milk 
processing. However his result also suggested that the surface proteins of 
the thermophilic streptococci are important in their attachment to stainless 
steel. Similarly Flint et al., 2002 found that the increase in heat resistance 
could not be fully attributed to individual components (caseinate or whey) 
in the milk. However, the potential for thermo-resistant streptococci to 
survive heat treatment in a dairy manufacturing plant is therefore greater 
than may be expected for the organism in less complex environments. 
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Chapter Six 
Conclusion and recommendations 
6.1 Conclusion  
The present study concluded that: 
- The UHT methodology is effective to deliver a sterile milk product 
that can be stored at room or refrigerated temperature for extended 
period.  
- Protein content and acidity are affected by storage period of UHT 
milk.   
- The microbial content decreases the storage period of UHT milk by 
decreasing the protein content.  
6.2 Recommendations  
1. Ultra-high temperature technology will be used in food safety 
applications. 
2. More attention should be given to the quality of dry powder and 
the recombination process which affect directly the quality and 
chemical composition of UHT milk. 
3. A major concern in the handling of milk after high-temperature 
sterilization is recontamination so efforts are needed to prevent 
post sterilization contamination. 
4. UHT process is suitable to keep quality and extended shelf life of 
the dairy products under Sudan conditions. 
5. Further studies are needed to study the shelf life up to 12 months.  
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